INTRODUCTION
============

Blunt chest trauma accounts for more than 15% of injuries in trauma patients worldwide \[[@R1],[@R2]\]. Falls and traffic accidents are the most frequent causes of trauma. Patients usually experience a large amount of energy transmitted to the entire chest cavity during the injury. After blunt chest injuries, patients may have chest wall destruction and lung parenchyma injuries \[[@R3],[@R4],[@R5]\]. Further severe injury to intrathoracic organs can also be found, such as intrathoracic vascular injury, diaphragm rupture, and esophageal injury \[[@R6],[@R7]\]. Moreover, all these injuries may cause hemothorax or pneumothorax, the most common complication that can occur immediately after blunt chest trauma \[[@R8]\].

Appropriate management of blunt chest trauma depends on a patient\'s vital signs \[[@R1]\]. A tube thoracostomy and emergent thoracotomy are typically performed to control bleeding in patients with hypovolemic shock \[[@R9],[@R10]\]. When patient vital signs are stabilized, the next step is treating posttraumatic complications. Owing to the advances in endoscopic instruments and technology, minimally invasive surgery is widely applied to manage chest trauma \[[@R1],[@R11]\]. The purpose of this review is to understand the complications caused by retained hemothorax and the benefits of minimally invasive surgery for patients experiencing blunt chest trauma. What follows is a summary of our current knowledge of video-assisted thoracoscopic surgery (VATS) used in retained hemothorax of blunt chest trauma.  
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HEMOTHORAX AND RETAINED HEMOTHORAX
==================================

As early in 1998, Carrillo and Richardson \[[@R1]\] found that hemothorax typically progresses in three manners: complete spontaneous reabsorption of blood within several weeks, progression to fibrothorax, or infection with empyema formation. Adequate drainage is the primary treatment for hemothorax and pneumothorax, and the first choice for drainage is placing a thoracostomy chest tube into the pleural cavity. When adequate pain control and intravenous volume resuscitation are applied, nearly 85% of patients can be treated successfully \[[@R1],[@R11]\]. Although providing a tube thoracostomy is sufficient for treating the majority of hemodynamically stable patients, small amounts of residual blood might accumulate in the pleural cavity after this procedure. These bloody effusions are occasionally entirely resorbed after 4--6 weeks without causing infection \[[@R1]\]. However, patients may experience retained hemothorax because of malposition or poor drainage of chest tubes \[[@R12]\]. According to a study by Richardson *et al.*, retained hemothorax is defined as residual clots at least 500 ml large, or in which at least one-third of the blood in the pleural space cannot be drained by a chest tube after 72 h of initial treatment revealed by a computed tomography (CT) scan \[[@R1],[@R11]\]. The percentage of retained clotted hemothorax varies in numerous research studies; incidence rates from 5 to 30% have been reported. Several studies have suggested that once the volume of retained hemothorax accumulates to 300 ml, surgical intervention should be considered \[[@R13]^▪▪^,[@R14],[@R15]\].

DIAGNOSIS OF RETAINED HEMOTHORAX
================================

Retained hemothorax typically occurs at least 24 h after a tube thoracostomy. A sudden decrease of drainage volume indicates that the chest tube is poorly functioning. Serial chest roentgenograms are typically required to detect retained hemothorax. However, to estimate the exact volume of thoracic collections, chest film is unsuitable because volume cannot be accurately defined and is usually underestimated \[[@R16],[@R17]\]. Furthermore, it also cannot differentiate lung contusions and pneumonia from hemothorax. Chest CT now is an effective tool for evaluating chest trauma because it can clearly display anatomic structures \[[@R16],[@R17]\]. CT scans can also detect lung parenchyma injuries and the exact volume of retained collections. However, the disadvantages of CT scans are patient exposure to high levels of radiation and higher costs compared with chest roentgenograms \[[@R18]\]. When a chest CT scan is performed on patients to detect additional injuries after the chest radiograph has been found to be normal, the scans do not change how patients are treated \[[@R17],[@R19]\]. Particularly in asymptomatic pediatric patients, routine use of CT scans is not recommended for unknown causes of blunt trauma injury \[[@R20]\]. Chest sonography, another option for detecting and estimating the volume of retained hemothorax, can provide rapid and accurate diagnosis of traumatic thoracic injuries, such as lung contusions and pleural collections \[[@R21],[@R22]\]. However, similar to a chest radiograph, ultrasonography is ineffective for diagnosing mediastinal hematoma, which can be easily detected by a CT scan \[[@R23]\].

TREATMENT FOR RETAINED HEMOTHORAX
=================================

Managing retained hemothorax is one of the most critical treatments for blunt chest trauma. In a study by Ramanathan *et al.*\[[@R24]\], initial removal of traumatic hemothoraces by using a sterile suction catheter was an effective and relatively simple intervention technique that reduced the possibility of retained hemothorax. Although these retained hemothoraces may be spontaneously reabsorbed 4--6 weeks after trauma, excessive retained hemothorax may lead to additional complications. First, the hemothorax collapses the lung parenchyma. Accompanied by lung contusions and posttraumatic pneumonia, the collapse can produce an entrapped lung and cause acute respiratory failure in the initial phases \[[@R24]\]. Then, fibrothorax may develop in later phases, further reducing pulmonary function. Second, when the hemothorax is contaminated with microbials, empyema may occur. The empyema increases the incidence of respiratory failure and sepsis, both of which increase the length of hospital stay and patient morbidity and mortality. Bradley *et al.*\[[@R25]^▪▪^\] also found that an elevated injury severity score, blunt thoracic trauma, and failure to administer periprocedural antibiotics during tube thoracostomy placement were independent risk factors for empyema \[[@R25]^▪▪^\]. Appropriate surgical management and specific antibiotic therapy should be arranged to ensure improved clinical outcomes \[[@R26]\].

In the past, the primary method for treating retained hemothorax was to perform an additional tube thoracostomy or exploratory thoracotomy. However, the additional chest tubes might be positioned improperly, resulting in inadequate drainage and prolonging the hospital stay \[[@R1],[@R16]\]. Although an exploratory thoracotomy may afford a clear view for locating lesions, this procedure is more invasive. A thoracotomy can be performed by cutting through the muscle of the chest wall and expanding the wound by using a rib expander. These surgical procedures cause further destruction to an injured chest wall and may increase morbidity and mortality \[[@R1],[@R11]\]. Since the 1990s, because of the advance in techniques and instruments of VATS, VATS is now widely accepted by most trauma surgeons \[[@R15]\]. VATS can provide excellent visualization of the pleural cavity that is more useful for evacuating the hemothorax than using additional tube thoracostomies. The wounds caused by VATS are much smaller than those caused by a thoracotomy. Therefore, this procedure may prevent further injury to the chest wall. In a study by Schweigert *et al.*\[[@R14]\], this procedure was shown to be suitable for use in elderly patients. The main functions of VATS include evaluation and control of continued bleeding, early evacuation of a retained hemothorax, evacuation and decortication of posttraumatic empyemas, limited invasive treatment of suspected diaphragmatic injuries, treatment of persistent air leaks, and evaluation of mediastinal injuries. On account of smaller incisions, the cosmetic results are more acceptable. VATS is now used as an alternative method to thoracotomy in selected patients \[[@R1]\] and is typically used in patients with stable vital signs. However, open thoracotomy is still performed on patients experiencing hemorrhagic shock.

SURGICAL METHOD
===============

The detailed method for performing VATS was proposed by Carillo and Richardson in 1998 \[[@R1]\]. To obtain a clearer view of the pleural cavity, double-lumen intubation is effective for collapsing the ipsilateral lung. A patient is placed in the full lateral position, with the ipsilateral arm abducted 90° at the shoulder; this position is identical to that used during a standard thoracotomy. If VATS fails, alternatively performing an open thoracotomy can be easy.

Standard thoracoscopic equipment includes a thoracoscope with a 0° or 30° angle and a xenon light source, as well as two high-resolution video monitors that are located at both sides of the surgical table. Thoracoports are used to position the video camera and surgical instruments. The patient would have usually received tube thoracostomy during initial diagnosis. The thoracoscope can be passed through this wound after the chest tube is removed. According to the suggestion by Carillo, one or two additional incisions can be created; the locations of these extra incisions are determined after an initial inspection of the chest cavity is performed \[[@R1],[@R11]\].

After insertion of the thoracoscope, the adhesions should be released by blunt digital dissection or sharp endoscopic electrocoagulated dissection. Full lung collapse is crucial for inspecting the entire pleural cavity. Blood and clots are removed by using a standard suction instrument or a suction--irrigator system. A sample of fluid is routinely collected for microbiologic assessment \[[@R1],[@R11]\]. In patients with organized thoracic collections, carefully dissecting and peeling away the outer layer with sponge sticks and ring forceps typically enables the outer layer to be removed from the visceral and parietal pleurae, thus completely releasing the trapped lung \[[@R1],[@R11]\]. After completion of this procedure, one or two large-bore chest tubes are placed through the thoracoport incisions. The chest tubes enable continual suction until no evidence of an air leak is present or until the amount of drainage from the thoracic cavity is less than 100 ml/d \[[@R1],[@R11]\].

Because the quality of the endoscopic instruments has improved, incisions created during VATS can be further diminished \[[@R27]\]. After a single incision of 2--3 cm on the lateral chest is made, a specially designed single flexible port is placed through the incision. A 5-mm 0° video thoracoscope, a reticulating grasper, and an Endo-GIA (Covidien, Mansfield, Massachusetts, USA) stapler are introduced through the port channels \[[@R28],[@R29]\]. The advantage of uniport VATS is that only one incision is required.

In the current study, only removing blood clot was occasionally insufficient \[[@R13]^▪▪^\]. Lung laceration is easily detected in blunt chest injuries. In certain instances, this laceration may produce continual oozing that causes retained hemothorax to accumulate. The edges of a lacerated lung can also undergo necrosis. These necrotic lung tissues are ideal culture media that enable bacterial growth and increase the risk of infection. Therefore, in addition to facilitating removal of retained pleural effusion, VATS also affords the opportunity to repair lung lacerations by using an autostapler. This method can be used to reduce infection rates and improve clinical outcomes \[[@R13]^▪▪^\]. Blunt chest trauma also typically coincides with ribs fractures. The sharp tip of a fractured rib may penetrate the lungs or other vital organs in the chest \[[@R30]\]. VATS can be applied to resect fractured ribs. In a study performed by Funaki *et al.*\[[@R31]\], a fractured rib tip was resected using VATS to prevent injury to the descending aorta. The fixation of fractured ribs is a controversial procedure; however, it may result in improved clinical outcomes \[[@R32]\].

TIMING OF VIDEO-ASSISTED THORACOSCOPIC SURGERY
==============================================

The timing of surgical intervention to remove the retained hemothorax is another critical factor of outcome but is usually influenced by other associated injuries. Within 48--72 h after injury, blood clots can be removed easily through suction by VATS. However, 1 week after injury, adhesions between the visceral and parietal pleura form a tenacious inflammatory outer layer and envelop the lung, thereby increasing the possibility for postoperative complications, such as retained collections or air leaks \[[@R1]\]. Numerous reports have suggested that performing VATS earlier could prevent empyema and reduce the possibility of fibrothorax. Several studies have suggested that surgery should be performed within 3--10 days after the initial blunt chest trauma, and most studies suggest not delaying surgery for more than 10 days because the clotted blood may cause a pleural adhesion, hindering the performance of VATS. Performing VATS earlier may reduce short and long-term morbidity and mortality, operative blood loss, and incidences of fibrothorax and empyema \[[@R1]\]. In a study by Goodman *et al.*\[[@R33]\], VATS was shown to be well tolerated and effective in managing thoracic trauma in hemodynamically stable patients within the first 24 h after injury. Early performance of VATS also allows early re-expansion of the lung capacity that can restore lung function rapidly and improve clinical outcomes \[[@R34]\].

POSTOPERATIVE TREATMENT
=======================

Routine chest radiographs during follow-up are required daily. The volume of output from the chest tube and the color of effusions should also be recorded daily to ensure that no obstructions are present. In patients with multiple trauma, who are dependent on a ventilator and prolonged bed rest, the risk of venous thromboembolism may be increased \[[@R35]\]. Early use of noninvasive ventilation in patients with chest trauma (who do not show signs of respiratory distress) may prevent the need for intubation and reduce complications and the length of stay in the ICU \[[@R36]\]. In some patients with respiratory failure, positive ventilation is insufficient to support the lung. Extracorporeal membrane oxygenation may be an additional option \[[@R37]--[@R39]\]. Continuous lateral rotational bed therapy may help in preventing or treating respiratory complications in patients with multiple trauma \[[@R40]\]. However, rebleeding may occur. The bleeding site can be embolized with angiography \[[@R41]\]. Hemolytic agents, such as urokinase, have been used in the resolution of retained hemothorax, but the actual benefits remain controversial. Intrapleural tissue plasminogen activator has also been used and appears to be a well tolerated and effective treatment option \[[@R42]^▪▪^\].

Numerous animal studies have focused on the pathophysiology of blunt trauma and treatments \[[@R43]\]. In a study performed by Kaya *et al.*\[[@R43]\], blunt trauma was found to cause and prolong inflammatory responses \[[@R44]\]. In a study performed by Topcu-Tarladacalisir *et al.*\[[@R45]\], administrating *N*-acetylcysteine to patients after blunt chest trauma facilitated the regulation of oxidative stress and apoptosis. In another animal study, methylene blue was shown to be a beneficial therapeutic treatment for blunt chest trauma \[[@R46]\]. In addition, predictive prognosis factors of blunt chest trauma have been studied \[[@R2],[@R47],[@R48]\]; critical predictors for developing complications are age, chronic lung disease, use of preinjury anticoagulants, and oxygen saturation levels. However, using the number of rib fractures as a predictor of blunt chest trauma is controversial \[[@R49]\].

CONTRAINDICATION
================

VATS procedures require single-lung anesthesia, the preparation of which can be time consuming; therefore, the major contraindication to VATS for trauma is the presence of hemodynamic instability \[[@R1],[@R11]\]. In patients experiencing thoracic injury with hypovolemic shock, a thoracotomy remains the most appropriate option. However, uncontrolled bleeding or hemodynamically unstable conditions may occur during VATS; therefore, changing the surgical procedure to a thoracotomy should be considered. An obliterated pleural cavity secondary to infection or from previous surgery, a history of bleeding diathesis, or moderate-to-severe obstructive pulmonary disease are also contraindicators for VATS.

COMPLICATIONS OF VIDEO-ASSISTED THORACOSCOPIC SURGERY
=====================================================

Most complications from VATS are related to the procedure itself. Incisional wound bleeding, instruments introduced into lung parenchyma, and wound infections are the most common post-VATS complications. The bleeding that occurs from incisional wounds can be managed by using tight sutures. Punctured lung parenchyma can be treated with an endoscopic autostapler. However, these complications are not severe and can be managed easily.

CONCLUSION
==========

VATS is a well tolerated, reliable, and effective procedure that can be easily applied to manage retained hemothorax after a patient experiences blunt chest trauma with few complications. As an alternative procedure to a thoracotomy, VATS is only slightly more invasive than a tube thoracostomy. In addition to enabling efficient removal and inspection of clots, VATS can also be performed to repair lung lesions and manage rib fractures.
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